has made a major impact on the prognosis of patients with testicular teratomas . The overall survival rate of patients with early disease (Stage I and IIA) approaches 100% and in those with advanced, previously untreated disease (Stage IIB, IIC, III and IV) the overall survival is approximately 60% .
Testicular tumours spread predominantly to the para-aortic lymph nodes and then to the supradiaphragmatic nodes and the lungs. All these sites are well suited to examination with CT, and testicular tumours have therefore provided an opportunity to test the efficacy of this new technique compared with conventional methods of investigation. At the Royal Marsden Hospital the routine use of CT has been restricted to patients with testicular teratomas because it was considered that with a cure rate of 950% using standard methods of investigation, CT was unlikely to make any impact except in selected patients with seminoma.
Accurate staging following orchidectomy is fundamental to management, and at the Royal Marsden Hospital the staging classification includes a statement of tumour volume as well as the sites of metastatic spread . The radiological investigations employed for staging include lymphography, intravenous urography, standard chest radiography, whole lung tomography and CT. In addition, ultrasound is used for examination of the liver and serum marker estimations (alphafetoprotein and human gonadotrophin) are carried out. The CT scanner, an EMI General Purpose Scanner CT5005, was installed at the Royal Marsden Hospital in 1977 and the information provided by CT has been compared to the conventional staging investigations. CT has also been used to monitor therapeutic response to treatment, for radiotherapy treatment planning, for the detection of relapse and for defining operability of abdominal residua following irradiation. The statements made and conclusions drawn in 'Based on paper read to Section of Urology and Section of Oncology, 27 March 1980 . Accepted 11 March 1981 this review are based on these studies and many of the results have been reported elsewhere , Husband 1981 .
Technique of CT examination
The EMI Whole Body Scanner (CT5005) has a scan time of 20 seconds and a slice thickness of approximately 1 cm. All scans are performed during suspended respiration in order to avoid movement artefacts and an anticholinergic agent is given before scanning the abdomen to reduce artefact from gas in moving bowel (hyoscine-N-butyl bromide 20 mg by intramuscular injection). Oral contrast medium (sodium/meglumine diatrizoate-Gastrografin 300 ml of 5% solution) is given thirty minutes before the examination to delineate the small bowel because tumour and bowel may have similar attenuation values. Scans are taken at 1 cm intervals through the chest and at 2 cm intervals through the abdomen down as far as the aortic bifurcation. A scanogram film is taken using a slit beam of X-rays to overcome geometric distortion and is used to localize the CT section to the anatomical vertebral level and to depict the region of interest at follow-up examinations.
Intravenous contrast medium (sodium iothalamate 70%/0 W/V-Conray 420 60 ml) is occasionally required for examination of the liver. The normal liver parenchyma is enhanced after intravenous contrast medium, so that liver metastases which have a lower density than normal liver tissue are more readily identified (Stephens et al. 1977) .
Abdominal node metastases Testicular lymphatics drain to the para-aortic lymph nodes where there is a rich plexus of lymphatics which permit free crossover so that metastases may be seen on either side of the para-aortic chain. Lymphatics from the testicle also drain into an upper external iliac node on the ipsilateral side and, in addition, lymphatic channels may drain into an echelon node situated lateral to the para-aortic nodes at the level of LI to L3 on both sides. The evidence for this has been discussed by Fuchs (1969) , Macdonald & Paxton (1976) and Macdonald (1981) . Allthe lumbar nodes subsequently drain into the thoracic duct, but occasionally normal variations permit drainage of the subdiaphragmatic nodes into the nodes of the mediastinum.
Bipedal lymphography has played a major role in the assessment of testicular tumours since the early 1960s (Macdonald & Wallace 1965) and its value has remained unchallenged until the development of CT scanning. Bipedal lymphography demonstrates the external iliac and para-aortic nodes as high as the second lumbar vertebra. However, above this the nodes are not usually opacified because contrast medium is discharged into the -thoracic duct, but occasionally mediastinal and supraclavicular nodes are shown. Testicular lymphography is the only method of demonstrating the echelon nodes but is rarely practised because there is no guarantee that the lymphatic channel draining into an involved node will be cannulated.
Lymphography is a highly successful and accurate technique for detecting testicular tumour metastases (Wallace & Jing 1970 , Kademian & Wirtanen 1977 . In these series lymphogram results were compared with subsequent histological examination. At the Royal Marsden Hospital para-aortic lymphadenectomy is not routinely carried out, and lymphography has played a key role in determining treatment and prognosis (Hendry et al. 1977) . In a series of 275 patients reported from the Royal Marsden Hospital (Wilkinson & Macdonald 1975) , 42% of patients with testicular teratomas had positive lymphograms. Microscopic deposits are present in ap1proximately 25% of patients with negative lymphograms (Kademian & Wirtanen 1977) .
The architectural pattern of nodal metastases in testicular teratomas is variable. In the majority of patients a metastasis appears as an expanding non-opacified area within the node. The normal part of the node is compressed so that only a thin rim of contrast may be seen around the deposit. Large metastases break through the lymph node capsule and when this occurs the bulk of the tumour cannot be seen. In approximately 10% of patients a pseudolymphomatous pattern is observed in which the bulk of the involved node is opacified and shows a reticular pattern.
One of the main advantages of CT scanning is the ability to demonstrate enlarged nodes without the use of contrast medium. In testicular teratoma enlarged nodes can be shown not only in the para-aortic region but also in those sites which are inaccessible to lymphography, such as the renal hilum (echelon nodes) and above the level of the formation of the thoracic duct. Enlarged nodes appear as well-defined structures with a density similar to other soft tissue, such as the aorta and inferior vena cava. The nodes may be minimally enlarged (Stage IIA) or there may be a conglomerate tumour mass several centimetres in diameter (Stage IIB and IIC). Using CT, nodes in the para-aortic region are considered abnormal if larger than 1.5 cm in diameter (Redman et al. 1977) , but in the retrocrural space soft tissue masses greater than 6 mm in diameter are considered to represent enlarged nodes (Callen et al. 1977) . The main disadvantage of CT is the inability to show the internal architecture of the node; this makes it impossible to diagnose minimal involvement due to metastases or to distinguish from enlargement due to reactive hyperplasia.
The accuracy of CT in the detection of nodal metastases is probably slightly greater than lymphography. At the Royal Marsden Hospital, CT and lymphography were compared in 77 patients and the results showed that there were 3 false negative examinations with lymphography compared to one false negative examination with CT. The 3 false negative lymphogram results were due to the presence of enlarged nodes in the retrocrural region (2 patients) and an echelon node (one patient). In 5 patients the lymphogram was equivocal at the initial reading: in 4 of these CT was negative and in one the CT scan was considered to be positive. These CT reports were shown by continued patient follow up to be correct. There were no false positive examinations with either technique, and this has been confirmed by observing response to treatment of the abnormal nodes (Husband 1981) .
Use of CT and lymphography
There is still considerable discussion regarding the appropriate use of CT and lymphography in different tumour types. Most of the reports in the literature refer to the use of these techniques in patients with Hodgkin's disease and non-Hodgkin's lymphomas (Harell et al. 1977 , Best et al. 1978 , Lee et al. 1978 , Earl et al. 1980 , and in general it is agreed that CT provides more accurate documentation of disease sites than lymphography.
In the management of patients with testicular teratomas there are several factors which influence the choice of the technique. Tyrell have shown that prognosis is dependent upon tumour volume in the para-aortic lymph nodes, and with lymphography the total tumour mass is only demonstrated if the metastasis has not broken out beyond the confines of the node. Thus, in patients with large volume disease, CT is clearly the most accurate technique for determining tumour volume. Furthermore, with CT enlarged nodes can be shown outside the lymphogram area (see above). Thus, CT provides information which cannot be obtained by lymphography and therefore, ideally, should be used in all patients. In those with negative CT scans lymphography would be indicated to indentify those with small-volume disease (Stage IIA) not demonstrated by CT. However, such an approach has distinct disadvantages during follow up. If lymphography is used, a single abdominal radiograph taken two to three weeks after the beginning of treatment shows whether there is any response and, since the contrast remains in the nodes for at least one year, abdominal films can be used effectively for monitoring response or detecting early relapse during the initial treatment phase. If CT scanning alone is used then follow-up examination must be made with CT. This is obviously more expensive and time-consuming and, in addition, minimal changes in node size are more difficult to appreciate on CT than on a follow-up lymphogram film. The number of patients with testicular teratomas referred for treatment is another important consideration. At the Royal Marsden Hospital, where over 200 patients with testicular tumours are seen annually, the demands on the scanner would be too great to use CT scanning alone.
In view of these practical difficulties, an approach has been adopted at the Royal Marsden Hospital which incorporates both CT and lymphography. Lymphography is performed on all patients immediately after orchidectomy. If the lymphogram and intravenous urogram are normal then scans are taken above the level of the highest opacified nodes to the dome of the diaphragm at 2 cm intervals. If the lymphogram is positive then scans are taken through the abnormal area to define the precise tumour volume. In this way lymphography can be used during follow up and CT reserved for complete assessment when a change in treatment policy is being considered. Used in this way, maximum advantage can be obtained from each technique.
Mediastinal lymph node metastases
Mediastinal lymph node metastases result from direct spread from the para-aortic nodes. Tumour spreads through the diaphragmatic hiatus into the posterior mediastinum, to the subcarinal, hilar and anterior mediastinal nodes. As in the retroperitoneum, enlarged nodes appear as structures of soft tissue density but are more difficult to recognize because there is relatively little fat in the mediastinum compared to the retroperitoneal space. The most useful sign is an abnormal contour of the mediastinum. However, enlarged nodes can be identified even when the mediastinal contour is normal, and intravenous contrast medium is helpful for distinguishing them from major vessels. Enlarged hilar nodes are particularly difficult to recognize, but the introduction of high speed dynamic CT scanning should improve the situation because images can be obtained when vascular enhancement is optimal.
In our experience CT scanning is more sensitive than conventional radiology for detecting mediastinal lymphadenopathy in patients with testicular teratomas. With CT, enlarged nodes were detected in 11 out of 78 patients compared to 5 out of 78 using conventional chest radiographs and tomography. These results correlate well with other reported series in different tumour types (Dunnick et al. 1979 , Underwood et al. 1979 Thus, in our department CT scanning of the mediastinum is considered essential for staging of testicular teratomas, provided the standard films are normal. Lymphography may demonstrate mediastinal nodes involved by tumour, but this is rare and the technique cannot be used to exclude macroscopic deposits in this region.
The lungs
Pulmonary metastases are common and approximately 20% of patients with Stage I disease relapse during the first year with lung involvement. The early detection of these metastases has important implications for management and prognosis. It is now well established that CT is the most sensitive method for identifying pulmonary nodules (Schaner et al. 1978 , Chang et al. 1979 . At the periphery of the lungs metastases can be recognized down to the size of 3 to 4 mm in diameter, but in the central parts of the lung larger lesions are easily missed because they cannot be distinguished from vessels. It is generally accepted that a malignant pulmonary nodule cannot be distinguished from a benign lesion (e.g. granuloma) on the basis of the CT scan appearances alone (Chang et al. 1979 ), but Siegelman et al. (1980) have reported that benign lesions may have higher attenuation values than metastases, presumably due to the presence of fine calcification. Further studies are required to confirm this view. In the United Kingdom the incidence of granulomatous lung disease is much lower than in the United States of America, and for this reason the problem of distinguishing benign and malignant lesions in the lung is relatively small. In our experience of CT scanning in over 200 patients with testicular tertomas, the demonstration of pulmonary nodules almost invariably indicates metastatic disease.
At the Royal Marsden Hospital, CT scanning of the lungs is undertaken in all patients unless multiple lung metastases have previously been demonstrated by conventional radiology. In a series of 77 patients, lung deposits were shown with CT in 14 patients in whom the conventional films had been reported as normal. In a further 24 patients, both the chest film and/or whole lung tomograms and CT were positive. It is our opinion that CT should replace whole lung tomograms.
Other sites
In patients with advanced disease, liver and bone metastases are occasionally seen. The liver is examined as part of the abdominal scan in all patients. Deposits in the liver appear as areas of diminished density compared with normal surrounding parenchyma. If there is doubt regarding the diagnosis, intravenous contrast medium is given to enhance the normal tissue, thus increasing the contrast between the lesion and the surrounding liver. From our experience it would seem that ultrasound is equally as effective as CT, but since even large lesions may be missed by each technique it is probably wise to use both ultrasound and CT for investigation of the liver .
Bone involvement is extremely rare. The bone is examined in all scans but we have not yet found a bone metastasis which was not clearly seen on conventional radiographs.
Influence of CT on staging
The impact of CT scanning on staging in patients with testicular teratomas has been reported elsewhere (Husband 1981) . Briefly, staging was increased in 18 out of 80 patients (22%) as a direct result of CT scanning. The most important finding is the detection of pulmonary metastases which accounted for upstaging in 14/80 patients (17%). Other findings which increased staging were the detection of retroperitoneal lymph node metastases (one patient), mediastinal lymph nodes (one patient) and liver metastases (2 patients). From these results it is clear that CT scanning plays a vital role in management and is viewed as an essential part of the staging procedure.
Monitoring response to treatment Response to treatment can be assessed with conventional chest films, whole lung tomograms and follow-up abdominal radiographs after lymphography, as long as the extent of metastatic disease has been demonstrated by these techniques. However, CT should be used in those patients where occult mediastinal lymphadenopathy has been demonstrated, in whom small lung metastases have been shown and in whom the lymphogram has not adequately demonstrated the abdominal disease. Even in patients with positive lymphograms contrast medium disperses over a period of months and, once the abnormal area cannot be clearly defined, CT scanning is indicated or possibly a refill lymphogram. In order to overcome workload problems it is our policy to use conventional techniques for follow up during the initial stages of treatment whenever possible. Patients with advanced disease receiving chemotherapy are scanned after four courses in order to determine whether sufficient tumour regression has occurred to permit treatment with radiotherapy or whether further chemotherapy is required. In those patients elected for radiotherapy, CT scanning is used for radiotherapy treatment planning (see below).
Selected patients undergo para-aortic and/or thoracic dissection of residual disease. Immediately before surgery CT is used to locate the precise position of the tumour, its relationship to adjacent structures, such as the aorta, the inferior vena cava, kidneys, the heart and the great vessels. In this way CT helps to determine operability and surgical approach and is used as a map for the surgeon (Boyd et al. 1978 , Hendry et al. 1980 .
CT scanning provides an opportunity to study changes in tumour volume and density in response to treatment. Treatment volume calculations are made by outlining the area of the tumour on contiguous CT sections throughout the tumour length. The method and initial results of these studies have been published elsewhere . The relationship of tumour volume regression to serum marker regression is currently under investigation.
Investigation of relapse
Relapse may be suspected on clinical grounds or because there is a rise in the serum marker estimations. CT scanning is indicated if the site of relapse is not clearly shown on conventional films. In a group of 16 patients in whom relapse was suspected, CT was negative in 10. These patients have remained in clinical remission for a minimum follow-up period of one year. In the remaining 6 patients, CT scanning was positive in 5 and negative in one. All these patients were subsequently shown to have recurrent disease.
Radiotherapy treatment planning
CT has important implications for radiotherapy treatment planning as well as for diagnosis. The cross-sectional CT display is an ideal format and plans can be made directly superimposed on the CT image using commercially available equipment, such as the EMIPLAN 7000. Patients are scanned on a flat couch in the therapy position and breathing is permitted throughout the duration of the scan so that the exact position of the tumour and normal structures during therapy is simulated. The techniques employed and results in 289 patients scanned for radiotherapy planning have already been reported from this centre (Hobday et al. 1979) . In patients with testicular teratomas, CT planning is only undertaken in those with bulky disease in whom a three-field technique is required. In our series 12 patients have been planned using CT; the remainder of patients undergoing irradiation have been treated by a parallel opposed pair of fields and in this group CT is not required.
Conclusions
CT scanning has important significance for patients with testicular teratomas, not only because the technique provides information which cannot otherwise be obtained but also because effective therapy is now available. The precise documentation of disease sites using CT has increased the accuracy of staging, and at the Royal Marsden Hospital the technique is regarded as essential before treatment is implemented. Close monitoring of progress during treatment is equally important and in our view can be satisfactorily carried out using a combination of conventional radiological techniques and CT. In general, CT is reserved for assessment when a change in treatment policy is being considered. In these days of limited resources the policy outlined above would appear to be the most practical approach for using diagnostic radiology to best advantage in patients with testicular teratomas.
